1. Introduction {#sec0005}
===============

Oxidative stress is caused by excessive free radicals when the body encounters various external damages or stimulations. Highly active and unstable molecules such as reactive oxygen species (ROS) and reactive nitrogen species have a strong oxidation effect. Multiple organ dysfunction and failure are caused by excessive free radicals or the decreased ability of scavenging free radicals \[[@bib0005],[@bib0010]\]. Many diseases can cause oxidative stress and accumulation of free radicals, which lead to lipid peroxidation in the cell membrane, changes in its permeability, and damage to structural proteins; they react with intracellular nucleic acids and cause cell death, such as in coronavirus disease 2019 (COVID-19) \[[@bib0015]\]. When the accumulation of free radical molecules greatly exceed the body's ability to scavenge, the oxidation and antioxidant system become disordered, further leading to tissue damage and serious diseases such as cancer, hypertension, and neurological disease. Traditional Chinese medicines (TCMs) are especially effective on anti-oxidation on the basis of free radical scavenging capacity, which has the advantages of high efficiency and low toxicity. Therefore, Chinese herbal medicine has become one of the focuses in the field of research.

The unopened flower buds of *Sophora japonica L.* (Leguminosae), also known as *Flos Sophorae Immaturus* (FSI), are commonly used as an antioxidant because of their free radical scavenging, anti-inflammatory, and antibacterial activities in TCM. FSI contains flavonoids, saponins and sterols; it is rich in rutin, which is a flavonoid with antioxidant properties based on free radical scavenging activity.

Yupingfeng san (YPS) is the representative formula of TCM used to eliminate pathogenic factors. It originated from "Danxi Heart Sutra" in the Yuan Dynasty. It is composed of *Astragalus mongholicus*, *Atractylodes macrocephalaKoidz*. and *Saposhnikovia divaricata* (Trucz.) Schischk. Studies on the ratio of *A. mongholicus*, *A. macrocephala* and *S. divaricata* are diverse. The ratio 3:1:1 is documented in the Pharmacopoeia of People's Republic of China. *A. mongholicus* is traditionally used to improve immunity. Pharmacological experiments showed that *A. Radix*, the dry roots of *Astragalus mongholicus* Bge. \[*A. membranaceus* Bge. *var.mongholicus* (Bge.) Hsiao\] and *Astragalus membranaceus* (Fisch.) Bge. have anti-inflammatory, anti-tumor, anti-oxidant, and immunoregulatory \[[@bib0020]\]. The use of *Astragalus* species can be dated back to more than two millenniums \[[@bib0025]\]. This species contains many components, such as terpenoids, flavonoids, and polysaccharides. Flavonoids were discovered as antioxidant constituents from the roots of *A. mongholicus* which can scavenge free radicals. Rhizoma *A. macrocephala* (baizhu in Chinese) has been used as a TCM for approximately 2000 years \[[@bib0030]\]. Its polysaccharide has remarkable antioxidant activity and can improve the immune response in chickens \[[@bib0035]\]. Thus, it is widely used in the breeding industry in China as a feed additive. *S.divaricata* (Trucz.) Schischk, an umbelliferous genus, has been ranked as a top-grade herb by the Pharmacopoeia of People's Republic of China which was reported that *S. divaricata* has obvious anti-inflammatory, antipyretic, anti-viral, and anti-oxidant effects on its free radical scavenging activity, and analgesic effects \[[@bib0040],[@bib0045]\].

Previous studies have reported the efficacy of modified YPS (MYP) as an anti-allergy for the treatment of respiratory diseases \[[@bib0050], [@bib0055], [@bib0060], [@bib0065]\]. However, the prescription of FSI and YPS and the identification of their antioxidant capacity are rarely reported. YPS is widely used to improve immunity and its antioxidant activity inhibits the generation of free radicals. Basic theories of Chinese medicine indicate a critical viewpoint regarding drug combination. Therefore, in this study, YPS and FSI were combined to determine the synergistic antioxidant activity.

Water extraction technology is the most commonly used method in natural product extraction due to its security and low cost. However, the extract yield of this method depends on various conditions, such as extraction time, times and solid-to-solvent ratio, which could lead to differences in the extraction yield and biological activities of the ingredients.

YPS is an effective prescription of TCM for the prevention of pneumonia caused by the new coronavirus (2019-nCoV) in China \[[@bib0070],[@bib0075]\]. The present study investigated the synergistic antioxidant effects of modified yupingfeng san (MYP), which is composed of FSI and YPS, and identified the optimal extraction process to obtain the extracts containing ingredients with high activity. The antioxidant effect of this process was verified in vitro and in vivo, thereby laying a foundation for its clinical application.

2. Materials and methods {#sec0010}
========================

2.1. Materials {#sec0015}
--------------

All components of MYP are shown in [Table 1](#tbl0005){ref-type="table"} . *A. mongholicus*, *A. macrocephala*, FSI and *S. divaricata* were purchased from Sichuan Ya'an Huimintang Pharmaceutical Chain Co., Ltd. The authenticity of these herbal medicines was confirmed by Qiaojia Fan, a professor from the Department of Pharmacy of Sichuan Agriculture University. Rutin standard was provided by National Institutes for Food and Drug Control (batch number: 10080-200707, 92.5 % purity). Aluminum trichloride was purchased from Tianjin Fuchen Chemical Reagent Factory (batch number: 20121102, 97 % purity). In addition, 1,1-diphenyl-1-picrylhydrazyl (DPPH, 97 % purity) was purchased from West Asia Reagent Co., Ltd. Superoxide dismutase (SOD), malondialdehyde (MDA), glutathione peroxidase (GSH-Px), and total antioxidant capacity (T-AOC) ELISA kits were purchased from Nanjing Jiancheng Co., Ltd.Table 1Components included in the modified Yupingfeng san.Table 1Latin nameScientific name[a](#tblfn0005){ref-type="table-fn"}Used partChinese nameAstragali RadixAstragalus mongholicus BungeRootHuangqiFlos Sophorae ImmaturusSophora japonica L.unopened flower budHuaimiAtractylodis Macrocephalae RhizomaAtractylodes macrocephala Koidz.RootBaizhuRadix SaposhnikoviaeSaposhnikovia divaricate (Turcz.) Schischk.RootFangfeng[^2]

2.2. Experimental design for the extraction yield {#sec0020}
-------------------------------------------------

An orthogonal array design was used to investigate the effect of four variables \[X~1~, soaking time, X~2~, water-to-raw material ratio; X~3~, extraction time and X~4~, times (three levels each)\] on the basis of polysaccharide and total flavonoid contents from *A. mongholicus*, *A. macrocephala*, FSI and *S. divaricata*. The levels of the four variables are shown in [Table 2](#tbl0010){ref-type="table"} .Table 2Factor-Level of MYP.Table 2Experimental RunsSoaking time/h (A)Water to ratio of raw material / g/mL (B)Extraction time/h (C)Times (D)111222221433331644

*A. mongholicus*, *A. macrocephala*, *S. divaricate* and FSI samples (the ratio is 3:1:1:3, a total of 24 g) were extracted in distilled water for different soaking times, water-to- raw material ratios, extraction time, and times in accordance with the experimental design. The solvents were concentrated to 0.8 g raw medicine/mL, added with absolute ethanol to obtain a final concentration of 80 %, and stored overnight. Each extract was centrifuged (3500 r/min, 10 min). The supernatant and sediment were taken and stored separately. Then, the precipitation 3 times with absolute ethanol and dissolved in distilled water in a 50 mL volumetric flask to obtain the polysaccharide solution. The supernatant was a total flavonoid solution. All experiments were performed in triplicate.

2.3. Determination of the polysaccharide content of the extracts {#sec0025}
----------------------------------------------------------------

The total carbohydrate content of the polysaccharide fractions of the extracts obtained in Item 2.2 was determined using the phenol-sulfuric acid method \[[@bib0080]\]. The polysaccharide concentration was calculated using the following linear equation on the basis of the calibration curve ([Fig. 1](#fig0005){ref-type="fig"} ):$$\text{ y=0.043x+0.107}\text{,}\text{R}2\text{=0.998},$$where y is the absorbance and x is the polysaccharide concentration. A linear relationship of between 2.054 and 13.011 ug/mL is good. The polysaccharide content was calculated as follows:$$\,\text{P}\text{olysaccharide}\,\text{content }\left( \frac{\text{mg}}{\text{g}} \right) = \frac{\text{c×a×v}}{\text{m}}$$Where c is the polysaccharide concentration in the sample solution, a is the dilution factor of the sample solution at the time of determination, v is the total volume of the sample solution, and m is the weight of medicinal materials.Fig. 1The calibration curve of polysaccharides.Fig. 1

2.4. Determination of total flavonoid content of the extracts {#sec0030}
-------------------------------------------------------------

Total flavonoid contents were measured using a modified colorimetric method with rutin as the standard. The prepared sample solution (0.1 mL) was placed in a 10 mL volumetric flask, and 60 % ethanol solution was used for volume determination and blending. The extract at 1 mL was placed in a 10 mL volumetric flask and added with 0. L mL of AlCl~3~ (1 mL). Ethanol solution (60 %) was used for volume determination and blending. The absorbance of the mixture was measured against a blank at 415 nm after 15 min. The total flavonoid concentration was calculated using the following linear equation on the basis of the calibration curve ([Fig. 2](#fig0010){ref-type="fig"} ):$$\text{ y=0.0246x+0.}0174\text{, }\text{R}2\text{=0.9993}\text{,}$$where y is the absorbance and x is the total flavonoid concentration. A linear relationship between 10 and 22 ug/mL is good. The total flavonoid content was calculated as:$$\text{T}\text{otal flavonoids}\,\text{content}\left( \frac{\text{mg}}{\text{g}} \right) = \frac{\text{c×a×v}}{\text{m}},$$where c is the total flavonoid concentration in the sample solution, a is the dilution factor of the sample solution at the time of determination, v is the total volume of the sample solution, and m is the weight of medicinal materials.Fig. 2The calibration curve of total flavonoids.Fig. 2

2.5. Measurement of the synergistic antioxidant activities of MYP extracts in vitro {#sec0035}
-----------------------------------------------------------------------------------

DPPH assay was performed in accordance with the methods previously described with some modifications to assess the free radical scavenging activity of the extracts. In brief, the DPPH solution (0.1 mM in ethanol, 1 mL) was added into the sample solution (2 mL, the concentration was 0.8 g raw medicine /mL). The mixture was shaken and kept in the dark for 30 min at room temperature, and then the absorbance of the reaction mixture was determined at 517 nm by a UV--vis spectrophotometer (UV-2102PC). Ethanol served as the control. The capability of the DPPH radicals to scavenge was calculated as follows:$$\text{Scavenging activity (\%) =}\left\lbrack {\text{A}_{0} - \left( {\text{A}_{1} - \text{A}_{2}} \right)\text{/}\text{A}_{0}} \right\rbrack\text{ × 100}\text{,}$$where A~0~ is the absorbance of the extracts, A~1~ is the control absorbance (ethanol instead of the extracts), and A~2~ is the absorbance of the combined reaction reagents (DPPH solution is mixed with ethanol).

The synergistic effect of scavenging activity could be determined by calculating the SE index. Theoretical scavenging activity was calculated, as follows:$$\text{TSC }\left( \text{\%} \right)\text{=100-}\left\lbrack {\left( {\text{100-}\text{ESC}_{1}} \right) \times \left( {\text{100-}\text{ESC}_{2}} \right)\text{/100}} \right\rbrack,$$where ESC~1~ and ESC~2~ (Effect of the scavenging capacity) are the scavenging activity of the two samples. The calculation formula is shown in Formula [(5)](#eq0025){ref-type="disp-formula"}.

SE could be calculated, as follows \[[@bib0055]\]:$$\text{SE=}\frac{\text{ESC}}{\text{TSC}},$$

the remaining judgment criteria are as follows: when the SE \> 1, synergy occurs.

2.6. Animal experiment design {#sec0040}
-----------------------------

Drug was extracted in accordance with Section 1.2.3, and the polysaccharide and total flavonoid contents in YPS, FSI and MYP were measured. Then the drug solution was concentrate to achieve a thick paste, vacuum dried at 50 °C, pulverized and passed through a 100 mesh screen. Subsequently, the sample for animal experiment was obtained.

Healthy male KM mice \[No. SCXK (Sichuan) 10-2008\], aged 6--8 weeks (weight 20 ± 0.2 g), were purchased from Chengdu dashuo animal co. LTD and kept in microisolator cages with food and water ad libitum. The laboratory temperature was 24 °C ± 1 °C with 12 h/12 h light--dark cycle for acclimatization, and the relative humidity was 40 %--60 %. Before experiment, the mice were allowed to adapt to the experimental environment for a minimum of 1 week. All experiments were performed in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals and National Standard of the People's Republic of China for Laboratory animal-Guideline for ethical review of animal welfare. The mice were randomly divided into five groups (n = 10), including normal control (NC) group; and high-, medium-, and low-dose MYP groups (MYP-H, MYP-M, and MYP-L), as well as YPS group. From days 1 to 9, the NC group was treated with normal saline. The YPS group was orally administered with YPS at a dose of 10 g/kg/bw in accordance with the raw medicine. MYP-H, MYP-M, and MYP-L groups were orally administered with MYP daily at doses of 15, 10, and 5 g/kg/bw in accordance with the raw medicine, respectively. At 24 h after the last administration, all the animals in each group were sacrificed.

2.7. Measurement of antioxidant activities of the extracts in vivo {#sec0045}
------------------------------------------------------------------

At 24 h after the last administration, blood was collected and kept in the refrigerator at 4 °C. The levels of oxidation factors T-AOC, GSH-Px,SOD, and MDA) in serum were measured using assay kits in accordance with the manufacturer's instruction.

2.8. Statistical analysis {#sec0050}
-------------------------

All the analyses were carried out in triplicate and all data were expressed as the mean ± standard deviation. The development of experimental design and data analysis was performed using SPSS software version 19.0 (SPSS Inc., Armonk, NY, USA). The significance, adequacy and reliability of the suggested model between groups were determined using one-way ANOVA and Duncan's multiple range tests between groups using SPSS software version 19.0. Differences with p values of less than 0.05 were considered statistically significant.

3. Results {#sec0055}
==========

3.1. Extraction process optimization {#sec0060}
------------------------------------

The orthogonal test results are shown in [Table 3](#tbl0015){ref-type="table"} . R is extremum, and indicated that the order of the influence of various factors on the polysaccharide content was C \> D \> B \> A, and the optimal extraction process was A~2~B~1~C~3~D~3~. The same was true for the F values of 1.532, 0.274, 59.059, and 44.263, respectively, as well as the total flavonoid content. The order of the factors affecting the total flavonoid content was C \> D \> B \> A, and the optimal extraction process was A~1~B~1~C~3~D~3~, and the F values were 2.282, 3.139, 47.690, and 48.769, respectively. As shown in [Table 4](#tbl0020){ref-type="table"} , each parameter was extremely significant (p \< 0.01) at various combinations of extraction time and times but not significant (p \> 0.05) at soaking time and water-to- raw material ratio. The degrees of freedom were both 2. The influence degree of each factor on each active ingredient was the same. Therefore, A~1~B~1~C~3~D~3~ was chosen as the optimal extraction process for the animal experiment, because it saved time and materials.Table 3Experimental values of content of polysaccharide and total flavonoids of extracts.Table 3RunsABCDIndexes /(mg/g)Contents of polysaccharideContents of total flavonoids1233147.52076.5192132351.87184.0373331235.90476.3784123251.90487.1055322136.20469.5186221344.05473.3577313361.83491.8478212247.39780.744\
67.0249111126.364K143.38045.19835.44136.696K246.32444.05445.15745.068K344.64745.09853.75352.586R2.9441.14418.31215.890k179.38979.87272.25371.020k276.87376.66078.10081.409k379.24878.97885.15783.080r2.5163.21212.90412.060[^3]Table 4Variance analysis of polysaccharide content as indexes.Table 4SourceSS[a](#tblfn0010){ref-type="table-fn"}df[b](#tblfn0015){ref-type="table-fn"}MS[c](#tblfn0020){ref-type="table-fn"}F-valueP-valueA39.357219.6781.532P\>0.05B7.02923.5140.274P\>0.05C1517.2272758.61359.059[\*](#tblfn0025){ref-type="table-fn"}P \< 0.01D1137.1082568.55444.263[\*](#tblfn0025){ref-type="table-fn"}P \< 0.01Pure error231.2111812.845[^4][^5][^6][^7]

One-way ANOVA showed an extremely statistically significant variation (p \< 0.01) in observed values of each parameter at various combinations of extraction time and times. However, no significant difference (p \> 0.05) was found in each parameter at soaking time and water-to-raw material ratio, as shown in [Table 5](#tbl0025){ref-type="table"} .Table 5ANOVA of total flavonoid content as indexes.Table 5SourceSS[a](#tblfn0030){ref-type="table-fn"}df[b](#tblfn0035){ref-type="table-fn"}MS[c](#tblfn0040){ref-type="table-fn"}F-valueP-valueA35.954217.9772.282P\>0.05B49.471224.7353.139P\>0.05C751.492375.74847.690[\*](#tblfn0045){ref-type="table-fn"}P \< 0.01D768.4972384.24848.769[\*](#tblfn0045){ref-type="table-fn"}P \< 0.01Pure error141.820187.879[^8][^9][^10][^11]

The chi-square test showed a correlation (p \< 0.05) between soaking time and water-to-raw material ratio, soaking time and times, water-to-raw material ratio and soaking time, and water-to-raw material ratio and soaking time in the polysaccharide content, as shown in [Table 6](#tbl0030){ref-type="table"} . In addition, no correlation (p \> 0.05) was observed between the factors in the total flavone content, as shown in [Table 7](#tbl0035){ref-type="table"} .Table 6Chi-square analysis of polysaccharide content as indexes.Table 6SourceH-value[a](#tblfn0050){ref-type="table-fn"}P-valueA × B20.564P \< 0.05A × C9.237P\>0.05A × D12.363P \< 0.05B × C9.473P = 0.05B × D12.575P \< 0.05C × D1.007P\>0.05[^12]Table 7Chi-square analysis of total flavonoid content as indexes.Table 7SourceH-value[a](#tblfn0055){ref-type="table-fn"}P-valueA × B6.357P\>0.05A × C3.194P\>0.05A × D3.551P\>0.05B × C3.110P\>0.05B × D3.465P\>0.05C × D0.290P\>0.05[^13]

To sum up, the observed values in each parameter changed significantly under different combinations of extraction time and times (p \< 0.05). The optimal values of the tested variables, that is, the optimal extraction process were as follows: soaking time of 1 h, water-to-raw material ratio 12 g/mL, extraction time of 3 h, and three times.

3.2. Measurement of the antioxidant activities of MYP extracts in vitro {#sec0065}
-----------------------------------------------------------------------

The synergistic antioxidant results of the different concentrations of YPS and FSI in vitro are shown in [Fig. 3](#fig0015){ref-type="fig"} . With the increase in both concentrations, the anti-oxidative effect in vitro changed from antagonistic to synergistic. The synergistic effect intensified with increasing concentration. When the YPS and FSI concentrations were more than 25 and 2.56 ug/mL (P \< 0.05), respectively, SE \> 1, thereby indicating that a synergistic antioxidant action possibly existed between the formulas in the DPPH radical-scavenging model. In terms of the dose-effect relationship, a high FSI concentration (2.56--12.8 ug/mL) led to a strong synergistic effect. The same was true for YPS (15--75 ug/mL). The best synergistic effect obtained when FSI and YPS concentration were 8.96 and 75 ug/mL (P \< 0.05), respectively.Fig. 3Synergy results of antioxidant activities of the extracts in vitro.Fig. 3

The horizontal axis shows the YPS concentration, and the columns in different colors represent the FSI concentration, respectively (n = 6 absorbance values/group). The values on the same column followed by different letters were significantly different (p \< 0.05).

3.3. Measurement of antioxidant activities of the extracts of MYP in vivo {#sec0070}
-------------------------------------------------------------------------

The polysaccharide and total flavonoid contents in YPS, FSI, and MYP are shown in [Table 8](#tbl0040){ref-type="table"} .Table 8The concentration of the active ingredient.Table 8GroupPolysaccharide content (mg/g)Total flavonoid content (mg/g)MYP82.1591.87FSI6.4160.47YPS21.541.50

Treatment with MYP-M and MYP-L showed significant high expression levels of T-SOD and T-AOC (P \< 0.05). GSH-Px tended to increase when used at all doses. However, this difference was not statistically significant. In addition, the T-SOD, T-AOC, and GSH-Px activities were higher at the different MYP doses than in the YPS and NC groups, and the decrease in MDA was clearly mitigated (P \< 0.05), as shown in [Fig. 4](#fig0020){ref-type="fig"} .Fig. 4The influence of antioxidant indexes in mice serum.Fig. 4

A. Statistical results of T-SOD (n = 10 rats/group). B. Statistical results of MDA (n = 10 rats/group). C. Statistical results of GSH-Px (n = 10 rats/group). D. Statistical results of T-AOC (n = 10 rats/group). The values on the same column followed by different letters were significantly different (p \< 0.05).

4. Discussion {#sec0075}
=============

Orthogonal design finds the corresponding orthogonal table in accordance with the test on the number of factors, i.e., factors on the number of levels and whether interaction was present. Some representative points were selected from the comprehensive experiment on the basis of the orthogonality of the orthogonal table, which could achieve the equivalent of a large number of comprehensive tests with a minimum number of tests, The orthogonal design is frequently used because of its high efficiency, speed, and cost. It considerably reduces the number of experiments. In the present study, the optimal extraction process of MYP was obtained via orthogonal design on the basis of polysaccharide and total flavonoid contents ([Table 2](#tbl0010){ref-type="table"}).

YPS has antioxidant function; polysaccharide is the active component of thisfunction \[[@bib0085],[@bib0090]\]. YPS can scavenge ROS, such as superoxide anion (O~2~ ^−^), hydroxyl radical (---OH), and hydrogen peroxide (H~2~O~2~). It can also complex metal ions which is necessary for the production of living oxygen to achieve antioxidant activity in the body \[[@bib0095]\]. Flavonoids have antioxidant properties \[[@bib0100]\], and can inhibit ---OH-induced lipid peroxidation and nonenzymatic glycosylation \[[@bib0105]\], which are the active ingredients of FSI in terms of oxidation resistance \[[@bib0110]\]. Thus, polysaccharide and total flavonoid contents were used as indicators ([Table 2](#tbl0010){ref-type="table"}) to determine the optimal extraction process of undergoing redox reactions in different ways in the organisms. The content of the active ingredient of the extract from the raw material was closely related to the extraction method. The optimal extraction process could improve the contents of the active ingredient of the compound compared with other conventional methods. MYP could obtain more polysaccharides and total flavonoids than FSI and YPS ([Table 8](#tbl0040){ref-type="table"}) possibly due to the "co-dissolution" phenomenon in the extraction process.

Nitroxide can scavenge free radicals in the tissue, thereby protecting cell macromolecules from oxidative damage. DPPH is a free radical with relative stability and could attract electrons from antioxidant \[[@bib0115]\] or hydrogen atoms. Thus, the determination of DPPH free radical scavenging activity is based on the reduction of DPPH ethanol solution in the presence of hydrogen supplying antioxidants which form the non-free radical form of DPPH-H because of the formation of stable molecules. The assay could accommodate many samples in a short period and is sensitive enough to detect active ingredients at low concentrations \[[@bib0120]\]. In the present study, the free radical scavenging capacities of antioxidant compounds present in extracts were determined to measure their hydrogen donating ability against reactive nitrogen (DPPH radical) species. The concluded that the compatibility of the two had a synergistic effect. MYP exhibited a synergistic antioxidant action in vitro ([Fig. 3](#fig0015){ref-type="fig"}). Most antioxidants protect the organisms through redox reaction by inhibiting the generation of oxygen anions and scavenging free radicals. Lipid peroxidation is a chain reaction of free radical formation in the lipid parts of cellular membranes induced by the addition of hydrogen peroxide and/or Cu^2+^ ions. Flavonoids protect the membrane from the damage and destruction of lipid molecules; suppressed H~2~O~2−~ provokes changes in cell membrane elasticity and its morphological properties \[[@bib0125]\]. Flavonoids scavenge free radicals, inhibit the lipid peroxidation induced by hydroxyl radicals, and reduce the transmission of automatic oxidation chain reaction to exert antioxidant effect on the body and protect the structure and function of cell membrane \[[@bib0125]\]. Polysaccharides can act as electron or hydrogen donors to scavenge hydroxyl radicals \[[@bib0130]\]. They can also directly remove ROS and complex the metal ions necessary for the ROS production to achieve the antioxidant effect of the organisms. In the present study, MYP could significantly improve the antioxidant function in mice ([Fig. 4](#fig0020){ref-type="fig"}). The antioxidant activity of FSI and YPS was probably through the polysaccharides and total flavonoids, and their combination could contribute to the easy dissolution and absorption of the effective ingredients. The total flavonoids in *S. japonica* have antioxidant and renal protective functions \[[@bib0100],[@bib0135]\], and rutin could protect against ultraviolet B radiation through the alteration of microRNA expression \[[@bib0140]\].

ROS contain O~2~ ^−^, H~2~O~2~, and OH−, which are produced during various cellular aerobic metabolisms as by-products of many enzyme reactions in the mitochondrial respiratory chain \[[@bib0145]\]. They are highly reactive molecules containing oxygen and modify DNA and proteins \[[@bib0150]\]. SOD, GSH-Px and catalase (CAT) are important antioxidant enzymes that can adjust the balance in biological systems \[[@bib0155]\].ROS are balanced by the antioxidative defense system, which include SOD, CAT and GSH-Px under normal conditions. When an imbalance between oxidants and antioxidants occurs, oxidative stress is reached \[[@bib0160]\]. SOD and GSH-Px protect the cell from oxidative damage by removing excessive MDA and ROS \[[@bib0165]\]. The antioxidant process of the effective components of YPS and FSI in tissues is shown in [Fig. 5](#fig0025){ref-type="fig"} .Fig. 5The diagram of tissue antioxidant process.Symbols represent the reactions of different substances in the body.Fig. 5

Virus infection could cause ROS release, which leads to oxidative stress in the body and increases the sensitivity of host cells to pre-oxidative factors, resulting in extensive damage; it activates phagocytes and releases pre-oxidative cytokines, such as IL-1 \[[@bib0170]\]. Influenza viral infection could lead to the destruction of body's oxidative balance, thereby damaging the tissues and cells via oxidative stress and resulting in changes in cell membrane structure and enzyme inactivation, which is conducive to the release of influenza virus \[[@bib0175]\]. The mechanism of COVID-19 is organ damage caused by a large amount of free radicals produced by an extreme immune response \[[@bib0015],[@bib0180]\]. YPS could prevent and cure influenza virus \[[@bib0185]\]; it has been recognized as a promising antiviral drug against RNA viruses (including influenza virus) \[[@bib0190]\]. YPS inhibits the replication of influenza virus and inactivates the virus \[[@bib0195]\]. Rutin could inhibit influenza virus by affecting the monooxygenase activity \[[@bib0200]\], and it is widely found in flavonoids. MYP may resist COVID-19 by scavenging free radicals and improving the antioxidant activity of the body to protect the tissues. Therefore, the combination of YPS and FSI may be used to treat viral infections on the basis of free radical scavenging capacity.

In conclusion, the results indicated the therapeutic potential of MYP on the basis of free radical scavenging capacity in vitro and in vivo. MYP may have a promising potential as a new antioxidant prescription.
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